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We studied frequencies and dynamic characteristics of anticipatory smooth eye movements 
(ASEM) in humans who were tracking step target movements of 20-70 deg amplitude. During 
presentation of periodic steps of constant amplitude healthy subjects showed frequent high velocity 
ASEM reaching maximal peak velocities of 5-40 deg/sec. There was no effect of ASEM on the 
frequency of anticipatory saccades. Randomization of target step amplitude or onset reduced the 
frequency of ASEM but did not completely abolish fast ASEM. In patients with cerebellar 
degeneration who exhibited impaired smooth pursuit, fast ASEM were absent and the number of 
slow ASEM was minimal. In conclusion, large sequential target steps can elicit much higher ASEM 
velocities than typically described in the literature. Similar to slow ASEM triggered by small steps, 
these fast ASEM do not require specific training and are not canceled by unpredictable step target 
motion. However, fast ASEM depend on the intact function of the cerebellum which gives further 
evidence of their generation by the smooth pursuit oculomotor subsystem. 
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INTRODUCTION 
Anticipatory smooth eye movements (ASEM) have been 
found during visual tracking of ramp and step target 
movements. They are directed towards an expected 
future target position and start before the corresponding 
target motion actually begins (Kowler & Steinman, 
1979a, b, 1981). The production of ASEM does not 
require predictable stimulus motion (Kowler & Stein- 
man, 1979b) since the subject's experience of previous 
target presentations can lead to expectations of future 
target motions even with randomization of movement 
characteristics (Kowler & Steinman, 1981; Kowler, 
Martins & Pavel, 1984). ASEM are generally tested 
during head immobilization, but very similar ASEMs 
have been reported before coordinated fast eye-head 
shifts with periodic target steps (Zangemeister & Stark, 
1981) or smooth target movements (Van der Steen, 
1992). 
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It has been proposed that ASEM might represent a
predictive component of smooth pursuit (Becker & 
Fuchs, 1985; Boman & Hotson, 1988; Steinman et al., 
1990; Kao et al., 1993). Predictive features of smooth 
pursuit have been known since Dodge et aL (1930) first 
reported that tracking of regular target motions (sinusoids 
or ramps) leads to reduced delays of smooth pursuit 
initiation and elimination of its phase lag. A less effective 
correction of pursuit onset and phase lag is still 
maintained uring presentation of pseudo-randomized 
stimuli (Yasui & Young, 1984). Smooth pursuit eye 
movements can continue for several seconds after short- 
time extinction of constantly moving target when target 
reappearance is xpected (Becker & Fuchs, 1985). This is 
analogous to continued ASEM during transient extinction 
of a visual target immediately prior to the onset of a 
predicted target move (Boman & Hotson, 1988). 
In most studies on ASEM their maximal peak 
velocities were limited to about 2-3 deg/sec (Kowler & 
Steinman, 1979a, b, 1981). In the experiments by Boman 
and Hotson (1988) using a 500-1000msec target 
extinction prior to an expected target ramp motion of 
10 deg/sec, ASEM velocities increased to averages of 4-- 
5 deg/sec. Slow ASEM velocities in these studies have 
been somewhat inconsistent with much higher velocities 
reported in smooth pursuit (Meyer et al., 1985; Collewijn 
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et al., 1985). More recently ASEM velocities of up to 
50 deg/sec were illustrated in a subject racking a75 deg- 
target movement with a peak target velocity exceeding 
200 deg/sec (Steinman et al., 1990). It is possible that 
training effects and the subject's knowledge about the 
purpose of the experiment may have contributed to these 
relatively high ASEM velocities. Kao and colleagues 
(1993) observed ASEM velocities of over 10 deg/sec 
during presentation of ramp stimuli of up to 40 deg/sec 
velocity. In general, it can be said that during presenta- 
tion of smooth target motion ASEM velocities increased 
nonlinearly with increasing target velocities (Steinman et 
al., 1990; Kao et aL, 1993). 
The occurrence of fast ASEM provides additional 
evidence for the hypothesis that ASEM present a 
mechanism of predictive pursuit. However, slow ASEM 
of up to 3 deg/sec an also be elicited by small step target 
motion (Kowler & Steinman, 1979a). This is remarkable 
since saccades and not smooth eye movements are used 
for refixation after each target step. 
The purpose of this study was to investigate the ability 
of healthy subjects to generate fast ASEM when step 
stimuli of 20-70 deg amplitude are presented. The study 
is based on occasional observations in our laboratories of 
healthy individuals who made fast ASEM while tracking 
large periodic target steps. To investigate the effect of 
target predictability on these fast ASEM we also tested 
target steps with random amplitude and random onset. 
We tried to exclude possible effects of training or 
intention by selecting subjects who were naive to the 
experimental setting and the goal of the study. 
Additionally, a group of patients with degenerative 
cerebellar disorders underwent this experiment. These 
patients showed a combination of strongly impaired 
smooth pursuit and optokinetic nystagmus (OKN), 
normal or increased vestibuloocular reflux (VOR) gain 
and inability to suppress the VOR by viewing of a head- 
fixed target (see Methods, Table 1). These ocular motor 
findings are commonly seen in patients with lesions of the 
cerebellum (Baloh et al., 1986; Dichgans & Jung, 1975; 
Moschner et aL, 1994; Zee et al., 1976). Due to their 
deficits in smooth pursuit racking, these patients enable 
us to study the role of the smooth pursuit system in the 
generation of ASEM. 
METHODS 
Subjects 
Six healthy volunteers (aged 27-50 yr; 4 male, 2 
female) participated in this study. Their uncorrected 
visual acuity was 20/30 or better and none of them was 
under the influence of neurotropic drugs. Additionally, 
we tested four patients suffering from degenerative 
cerebellar ataxia syndrome. Patient M.C. was a 57-jr- 
old woman with a 3 yr history of progressive gait ataxia, 
dysarthria, and impaired handwriting. Her clinical 
examination revealed widened base ataxic gait, dysdia- 
dochokinesia, nd intention tremor, but otherwise normal 
TABLE 1. Oculomotor findings in cerebellar patients 
M.C. D.D. L.R. D.R. 
Spontaneous nystagmus None None up up 
Gaze-evoked nystagmus + + + + 
Saccade accuracy - n n - 
Saccade velocity n n n n 
Smooth pursu i t  . . . .  
Optokinetic nystagmus . . . .  
Vestibuloocular reflex (VOR) n + n n 
VOR fixation-suppression . . . .  
+ = present/increased, - = impaired/markedly impaired, n= normal, 
up = upbeat nystagmus. 
neurologic findings. Patient D.D was a 56-yr-old man 
initially suffering from episodes of dizziness and ataxia 
since age 37 yr. He later developed a mild baseline ataxia 
and ocular motor findings typical of caudal midline 
cerebellar involvement. The other two patients were 
D.R., a 38-yr-old mother and her daughter L.R. aged 
18 yr. Patient D.R. had a more than 15-yr-old history of 
blurred vision as well as dizziness and nausea during 
physical activity. Mother and daughter showed gait 
imbalance and mild impairment of fine motor coordina- 
tion on neurologic examination. In two patients (M.C., 
D.D.) a brain MRI showed evidence of midline cerebellar 
atrophy including the vermis and the floccular egion. All 
patients, except M.C., had other affected family members 
suggesting an autosomal dominant-inherited type of 
cerebellar degeneration. Corrected vision in all patients 
was normal, and none showed evidence of cognitive 
deficits. All subjects gave informed consent in accor- 
dance with a protocol approved by the UCLA Human 
Subjects Protection Committee. 
The ocular motor functions in patients had been 
clinically tested using digitally sampled direct-current 
electrooculography. Detailed descriptions of test proce- 
dures have been given previously (Baloh et al., 1980; 
Demer et al., 1989). In short, spontaneous nystagmus was 
tested during fixation of a visual target in primary 
position and gaze-evoked nystagmus during fixation of a 
target positioned 30 deg left or right from primary 
position. Saccade tests used a sequence of horizontal 
target steps with random onset and random amplitudes of 
up to 40 deg. To study smooth pursuit, patients were 
asked to track a light spot that was sinusoidally moving at 
0.2 Hz (velocity amplitude 22.6 deg/sec). In OKN tests, 
patients were set in the center of a full field, cylindrical 
curtain (diameter 1.3 m) that had 3 deg vertical black 
stripes on a white background (15.6 deg interval). They 
were looking at the stripes while the curtain was 
sinusoidally rotating at 0.2Hz (velocity amplitude 
60deg/sec). VOR velocity-gain was tested during 
vertical axis, sinusoidal, whole-body rotation in darkness. 
Rotations were performed at 0.05, 0.1 and 0.2Hz 
(velocity amplitude 60 deg/sec). VOR fixation-suppres- 
sion tests describe the ability to suppress the VOR by 
viewing a head fixed target light during the same whole- 
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body rotation at 0.05 Hz (velocity amplitude 60 deg/sec). 
Results of these standardized ocular motor tests are 
summarized in Table 1. Smooth pursuit and OKN were 
markedly impaired in all patients. The VOR gain (in the 
dark) was in the upper normal range or increased and all 
patients showed deficits in VOR suppression during 
intended fixation of a head-fixed target. 
Procedures 
Subjects at in a dark room and tracked a red laser dot 
(diameter 0.2 deg) projected on a translucent screen in a 
distance of 1.2 m. The head was fixated in a comfortable 
position. Target movements were directly controlled by 
the data acquisition program by means of a mirror 
galvanometer. The program generated sequences of 
horizontal target steps within a maximal range of 
+ 35 deg from resting position. Three different patterns 
were used representing different levels of target move- 
ment predictability: 
!-Steps with a constant amplitude (20, 30, 50, or 
70 deg) and a constant interstep time interval of 
1.0 sec (CA and CI paradigm); 
2. Steps with the same constant amplitudes and 
pseudo-randomized interstep intervals (0.4- 
2.5 sec) (CA and RI paradigm); and 
3. Steps with pseudo-random amplitude (20-70 deg) 
and pseudo-random interstep intervals (RA and RI 
paradigm). 
In all three paradigms the target step direction 
constantly alternated. Paradigms were tested in separate 
test runs of 40 sec that were presented in randomized 
order. Subjects received no verbal information about 
upcoming patterns. During each trial they were repeat- 
edly instructed to "follow the target as fast and as 
accurately as possible" to keep them alert and to enforce 
short latency saccade responses. Eye movements were 
recorded with the magnetic search coil technique 
(Collewijn et al., 1975), using an induction coil 
embedded in an annular lens. The lens was placed on 
the locally anesthetized sclera of the right eye for a 
maximum duration of 30 min. 
Data acquisition and analysis 
Eye and target position signals were digitally recorded 
on magnetic tape and were on-line digitized at a sampling 
frequency of 400 Hz. Eye signal calibration was based on 
a least-square linear fit of nine different arget positions 
and a subsequent correction of the nonlinearity at 
extreme positions (___ 35 deg) due to sinusoidal distor- 
tion. In repeated tests the maximal error of the calibrated 
eye position signal was <2.5%. Eye velocity was 
obtained by digital differentiation of the eye position 
signal and consequent low-pass filtering with a cut-off 
frequency of 25 Hz (6-pole Bessel filter). 
In order to allow all subjects to adapt o a new target 
pattern the initial 10 sec of each trial were discarded. The 
fastest smooth eye movements during the intersaccadic 
intervals of the remaining 30 see were identified and 
marked by the experimenter by means of an interactive 
cursor function that allowed simultaneous display of eye 
position and velocity traces. To exclude small corrective 
saccades ASEM were selected based on the following 
criteria: 
1. A position and velocity profile that was typical for a 
smooth eye movement. 
2. ASEM had to be directed towards the upcoming 
target movement (see examples in Fig. 2). 
The computer program automatically calculated peak 
velocity and amplitude of each identified smooth eye 
movement (Fig. 1). To exclude noise artifacts, only 
ASEM exceeding a minimum amplitude of 0.5 deg and a 
minimum peak velocity of 1.5 deg/sec were selected for 
statistical evaluation. Other computed measurements 
included the relative ASEM frequency within a trial 
(number of ASEM/total number of intersaccadic nter- 
vals), latency of ASEM and saccades with respect o 
target step onset (Fig. 1), and ASEM acceleration. The 
latter was approximated by the slope of a least square 
linear fit to the eye velocity trace between onset and 
velocity peak of each ASEM. Amplitude, velocity, 
acceleration, and latency data were consequently aver- 
aged for each individual. Since preparation of visually 
guided saccades triggered by constantly visible targets 
requires aminimal time delay of 100-120 msec (Findlay, 
1981; Kalesnykas & Hallett, 1987), preprogrammed 
"anticipatory" saccades were defined by latencies of 
<100msec. The percentage number of anticipatory 
saccades was than estimated (number of anticipatory 
saccades/total number of primary saccades x 100%) and 
compared to the corresponding percentage ofASEM. We 
never repeated experimental sessions with the same 
subject o avoid additional training effects. 
RESULTS 
Results in healthy subjects 
Frequency of fast ASEM. An example of a high 
velocity-smooth eye movement in response to highly 
predictable steps of 50 deg amplitude (CA and CI 
paradigm) is shown in Fig. 1. It was directed towards 
the upcoming target position and started 279 msec prior 
to the corresponding target step, i.e. it anticipated the 
later target movement. In this example, the ASEM was 
followed by a visually guided saccade driving the line of 
sight accurately to the final target position. The ASEM 
amplitude was 7.4 deg and its peak velocity reached 
37.4 deg/sec. The amplitude- and velocity-vs-time plots 
of ASEM (see Fig. 1) show characteristic profiles of eye 
movements generated by the smooth pursuit system. 
They allowed a clear discrimination between ASEM and 
small anticipatory saccades. During presentation of 
highly predictable target motions ASEM exceeding 
3 deg/sec were frequently recorded (>50%) in three of 
six healthy subjects [J.R, R.M., C.S.] [example in Fig. 
2(A)]. In the remaining normal subjects, ASEM were less 
frequent in all three paradigms and their average 
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FIGURE 1. Example of a fast ASEM prior to a 50 deg target step to the 
right direction (subject J.R.). Given are time functions of changes in
target position (A), eye position (B), and eye velocity (C). The dotted 
vertical line represents the time of step onset, the arrows describe 
parameters automatically calculated by the computer p ogram. 
amplitudes and velocities were comparatively smaller. 
However, complete absence of ASEM was found in none 
of the normal subjects. Fast ASEM were not limited to 
highly predictable target sequences. In most healthy 
individuals high velocity ASEM were still found when 
step onset or amplitude were unpredictable [Fig. 2(B)]. 
Effects of target predictability on ASEM parameters. 
Despite its large variability among the subjects, ASEM 
frequency varied depending on the predictability of target 
motion (Fig. 3). In subjects showing frequent ASEM 
(>40--50%) in the highly predictable CA and CI 
paradigm, randomization of target onset (CA and RI) or 
combined randomization of target onset and amplitude 
(RA and RI) resulted in significantly smaller numbers of 
ASEM (Wilcoxon matched pairs test, P < 0.05). Addi- 
tionally, the averaged ASEM amplitude and peak 
velocity were decreased in the random onset paradigm 
compared to the highly predictable paradigm when large 
steps of 50deg were tested (Wilcoxon rank-test, 
P < 0.05). Nevertheless, in the two subjects with the 
fastest ASEM during highly predictable target motion 
(J.R. and C.S.), fast ASEM with peak velocities over 
10deg/sec were occasionally found during random 
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FIGURE 2. Effects of different paradigms on ASEM frequency 
(subject J.R.). (A) Fast ASEM were most frequently found with 
periodic steps. However, fast ASEM (arrows) occur often irregularly. 
In this subject there was a clear side asymmetry with more prominent 
ASEM to the right direction than to the left. Although the ASEM 
frequency decreased with increasing levels of target randomization 
(B), a complete abolition of ASEM was not found. The arrow shows a 
typical fast ASEM that is finally corrected by a small reset saccade 
since the following target step occurred later than expected. 
stimulation. In subjects D.D. and C.M., however, ASEM 
occurred in <20% of the intersaccadic intervals (even 
with highly predictable target motion) and no significant 
effect of target randomization on ASEM frequency and 
ASEM peak velocity was found. 
Effects of target step size. Increasing step amplitudes 
within the same paradigm had no consistent effect on any 
of the ASEM measurements (Fig. 4). With the most 
predictable target paradigm (CA and CI), averaged 
ASEM latencies varied in the range of -200  to 
-400msec  [Fig. 4(A)] and were not significantly 
affected by target amplitude. The onset of smooth eye 
movements preceded corresponding target steps by at 
least 80 msec irrespective of target onset predictability, 
i.e. smooth eye movements were always initiated prior to 
any target motion. Averaged ASEM amplitude, peak 
velocity, and acceleration showed no consistent statistical 
change with increasing step amplitudes [Fig. 4(B)--(D)]. 
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FIGURE 3. Comparison of ASEM frequencies in different paradigms 
triggered by target steps of 50 deg. Subjects with frequent ASEM 
tracking highly predictable ,;tep movements (CA and CI) showed 
decreased frequencies during randomization f interstep intervals (CA 
and RI) or combined randomization of intervals and step amplitude 
(RA and RI). No significant changes were found in the two subjects 
with the smallest number of ASEM in all three paradigms (D.D. and 
C.M.). 
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FIGURE 4. Effects of increasing target step amplitude in the highly 
predictable paradigm (CA and CI). None of the average ASEM 
measurements showed a consistent correlation to step size. Instead, a 
large intertrial variability was found in all individuals. Average ASEM 
latencies remained in the range of -200 msec to 400 msec (latencies 
were negative because ASEM started prior to the target). Average 
ASEM measurements of subjects D.D. and CM. are not shown, since 
the number of ASEM was relatively small (<10/trial). Their mean 
amplitudes ranged between 0.6 and 1.2 deg and their peak velocities 
between 2.6 and 4.2 deg/sec, respectively. 
This was associated with large intertrial variabilities 
within the same individual (error bars in Fig. 4 show 
standard errors rather than standard eviations). 
Individual maxima. 'To give an impression of the 
highest ASEM velocities observed in these experiments 
individual maxima of aJl healthy subjects are given in 
Table 2. In all individuals these "maximal" ASEM 
TABLE 2. ASEM of maximal velocity in healthy subjects 
Subject 
Corresponding 
Peak velocity Corresponding acceleration 
(deg/sec) amplitude (deg) (deg/sec 2)
J.R. 39.6 13.5 110.5 
R.M. 27.4 5.5 45.5 
C.S. 16.4 5.6 54.3 
D.H. 5.2 1.8 14.1 
D.D. 6.6 2.2 29.1 
C.M. 8.2 1.7 26.5 
These data present the individual maxima found during presentation f
highly predictable target steps (CA and CI). 
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FIGURE 5. Frequencies of ASEM and anticipatory saccades during 
presentation of highly predictable target movements (CA and CI). 
Symbols present results of trials with different arget amplitude (20, 
30, 50, 70 deg). No constant correlation was found between ASEM and 
anticipatory saccades. In three subjects (solid symbols) the number of 
ASEM tended to decrease with larger target amplitudes, whereas 
anticipatory saccades showed the opposite trend. None of these trends 
was statistically significant. 
velocities occurred in the highly predictable CA and CI 
paradigm. Maximal amplitudes ranged between 1.8 and 
13.5 deg, resulting in maximal peak velocities between 
5.2 and 39.6 deg/sec. Interestingly, subjects with more 
frequent ASEM showed higher maximal ASEM velo- 
cities than subjects with decreased ASEM frequency. 
Effects of ASEM on saccades. ASEM amplitudes of 
>2 deg were found repeatedly in three normal subjects. 
Interestingly, ASEM of this size had no significant effect 
on the accuracy of the following saccades, i.e. they did 
not lead to overshooting primary saccades (e.g. see Figs 1 
and 2). Instead, physiological saccadic hypometria of 
about 5-10% was commonly found irrespective of prior 
large ASEM. 
Since the frequency of ASEM varied largely among 
individuals even with highly predictable steps, we were 
interested in whether there was a consistent relationship 
between ASEM frequency and the frequency of antici- 
patory saccades. However, we found no positive correla- 
tion between the two frequencies (CA and CI paradigm, 
see Fig. 5). Again, there was a remarkable variability 
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TABLE 3. ASEM frequency in cerebellar patients 
Pursuit Target Frequency of Gaze-evoked 
Subject gain amplitude (deg) ASEM (%) nystagmus (%)
M.C. 0.31 20 6 0 
30 0 0 
50 0 0 
70 2 2 
D.D. 0.27 20 10 16 
30 3 19 
50 6 20 
70 11 25 
D.R. 0.58 20 0 0 
30 5 5 
50 0 21 
70 3 37 
L.R. 0.30 20 3 0 
30 6 9 
50 5 21 
70 3 13 
Smooth pursuit gain was tested uring tracking of a sinusoidally 
moving target at 0.2 Hz (peak velocity 22.6 deg/sec). Normal 
smooth pursuit gain in this test is about 0.70 + 0.10 (Demer et aL, 
1989). ASEM frequency presents the percentage number of clearly 
identified ASEM during highly predictable stimulation (CA and 
CI) with target steps of 20, 30, 50, or 70 deg amplitude. The 
column titled gaze-evoked nystagmus contains the percentage 
number of intersaccadic intervals where saccades were initiated 
during aze-evoked nystagmus. 
between subjects. In two individuals (D.D. and C.M.), 
small numbers of ASEM were associated with large 
numbers of anticipatory saccades. But high frequencies 
of ASEM (50% and more) were variably found with few 
(subject D.H.) or very frequent anticipatory saccades 
(subjects J.R. and C.S). Linear regression analysis 
revealed that the tendency towards smaller numbers of 
ASEM with increasing frequency of anticipatory sac- 
cades observed in some individuals was not statistically 
significant, possibly due to the small number of trials in 
each paradigm. 
Results in patients with cerebellar degeneration 
Absence of fast ASEM in cerebellar patients. ASEM 
with velocities exceeding 3 deg/sec were absent under all 
conditions. Slower ASEM (peak velocity 1.5-3 deg/sec) 
occurred in <11% of the intersaccadic intervals even 
when target motions were highly predictable (Table 3). 
However, exact ASEM frequencies can be only approxi- 
mated since most patients showed a prominent gaze- 
evoked nystagmus, especially with large target ampli- 
tudes, and an accurate distinction between ASEM and the 
nystagmus slow-phase was difficult to make. However, 
ASEM frequency in cerebellar patients never exceeded 
10-20% and peak velocities of identified ASEM were 
limited to <3 deg/sec. Here, randomization of target 
amplitude or onset had no significant effect on the 
frequency of ASEM. 
DISCUSSION 
Although examples of fast ASEM have been reported 
previously in the literature (Steinman et al., 1990; Kao et 
al., 1993), this study first characterized their frequent 
occurrence in some, but obviously not all, healthy 
humans under certain experimental and individual 
conditions. 
Minimal stimulus strength. So far, ASEM have not 
been found in complete absence of a moving visual 
stimulus (Kowler & Steinman, 1979a, b), although short 
extinction of a visual target (500-1000 msec) does not 
lead to the abolition of an ongoing ASEM, when target 
reappearance is expected (Boman & Hotson, 1988). From 
experiments using apparent motion stimuli, Boman and 
Hotson (1989) suggested that ASEM production is based 
on the expectation of perceived motion. Steinman and 
colleagues concluded that ASEM velocities depend, at 
least partially, on the expected target velocity, although 
no clear linear relationship between ASEM and target 
velocity was found (Steinman et al., 1990). In that study, 
as well as in the more recent study by Kao and coworkers 
(1993), ASEM peak velocity generally ranged between 
10 and 20% of the target velocity. 
Our data show that periodic step movements provide 
another good stimulus for fast ASEM. It should be 
pointed out that the visual stimulus used in our 
experiments was a constantly visible laser dot moving 
between extreme target positions. It cannot be excluded 
that perceived laser dot motion induced a high velocity 
retinal slip signal that was finally used by healthy subjects 
to program ASEM based on the expectation of a similar 
future target motion. However, it is very unlikely that 
high velocity smooth eye movements observed in our 
experiments were driven by an incoming retinal slip 
signal generated by the ongoing target motion since they 
started prior to the actual target step and were 
infrequently observed in the absence of a corresponding 
target motion. Consequently, they really present antici- 
patory eye movements induced by the subject's expecta- 
tion of a future target movement. The "input" for 
anticipatory movements of the pursuit system can be an 
internally pre-programmed signal that is possibly based 
on perceived retinal slip signals induced by previous 
target steps into the same direction of the anticipated 
target motion. 
Peak velocities of ASEM in a prior study using 
periodic steps of 99' amplitude were limited to <2 deg/sec 
(Kowler & Steinman, 1979a) whereas ASEM in our 
experiments reached peak velocities of up to 40 deg/sec, 
especially with target amplitudes of 50 and 70 deg. This 
suggests that target step size is one of the determinant 
factors of ASEM velocity when a step motion stimulus is 
used. Now it is possible that large step amplitudes led to 
the subject's perception of higher target velocities, which 
could enhance ASEM velocity. However, increasing 
target amplitudes between 20 and 70 deg had no 
significant effect on average ASEM velocity, i.e. we 
found no proportional increase of ASEM velocity with 
increasing amplitudes between 20 and 70 deg. This 
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suggests that when a "minimal" target step size is 
exceeded a further gradual increase of target amplitude 
may not further enhance perceived target velocity. 
Target predictability affects frequency of fast ASEM. 
In those healthy individuals who showed frequent fast 
ASEM during period target steps, randomization oftarget 
onset and amplitude caused decreased numbers of 
ASEM. Nevertheless, ASEM velocities exceeding 
10 deg/sec were occasionally found in random target 
trials, especially when a relatively long intersaccadic 
interval followed a subsequence of short intersaccadic 
intervals [e.g. see Fig. 2(B)]. Kowler and colleagues have 
demonstrated that slower ASEM are primarily generated 
by expectations of future target motions (Kowler & 
Steinman, 1979a, b, 1981). Randomization of target 
motion does not abolish ASEM since the subjects till 
predict upcoming target movements depending on the 
history of previous motions (Kowler et al., 1984) and 
other cues providing information about future events 
(Kowler, 1989; Steinman et al., 1990). An example of 
such an additional cue in our experiments was the verbal 
information for every :subject that target direction 
remained constantly alternating between left and right. 
Our data showed that ASEM with velocities about ten 
times faster than reported by Kowler's group are based on 
the very same mechanism,'; of prediction., i.e. even "false 
guesses" about arget step onset or amplitude in random 
trials can lead to relatively fast ASEM. However, the 
larger number of right gue'sses in trials with periodic steps 
of constant amplitude clearly enhanced the generation of 
fast ASEM. 
Large individual variability of ASEM frequency. In 
healthy subjects we obse:rved a remarkable interindivi- 
dual variability in frequency of ASEM as well as 
individual maxima of ASEM amplitude and velocity. 
None of our subjects received training in making faster 
ASEM or verbal feedback to reinforce ASEM. This is in 
line with previous report,; that ASEM does not require 
specific training (Kowler & Steinman, 1979a; Kowler et 
aL, 1984). Additionally, the subjects were naive to the 
purpose of the experiment. All of them repeatedly 
received the instruction to follow the target as fast as 
possible that may have enforced predictive responses. 
Since ASEM amplitude was restricted to <5-15% of the 
corresponding target step amplitude, all had to make one 
or more saccades to reach the final target position. We 
retrospectively tried to investigate whether the small 
number of ASEM in some healthy subjects was 
associated with relatively increased frequencies of 
anticipatory saccades which would have led us to the 
conclusion that there could be an antagonistic nteraction 
between these two different types of predictive eye 
movements, i.e. some individuals prefer a saccadic and 
others a smooth eye movement strategy of prediction. 
Indeed, we found frequent anticipatory saccades in those 
two healthy subjects (D.D. and C.M.) with the smallest 
number of ASEM. On the other hand, there was no such 
consistent antagonistic effect in general since some 
individuals howed a combination of frequent anticipa- 
tory saccades and frequent ASEM (J.R. and R.M.). 
Programming of the two different predictive ye move- 
ments seems to be relatively independent. 
Correlated impairment of ASEM and smooth pursuit in 
cerebellar patients. To our knowledge, this is the first 
study dealing with ASEM in cerebellar patients reported 
in the literature. Testing of cerebellar defective patients is 
of interest since it is believed that ASEM represent a
predictive function of the smooth eye movement system 
(Becker & Fuchs, 1985; Boman & Hotson, 1988; 
Steinman et al., 1990). Numerous clinical studies and 
animal experiments have demonstrated that lesions of the 
cerebellum, more specifically the cerebellar flocculus 
(e.g., Dichgans & Jung, 1975; Zee et al., 1981; Waespe t 
aL, 1983) as well as the dorsal vermis (Keller, 1988; 
Vahedi et al., 1995) and its projections to the underlying 
fastigial nuclei, lead to an impaired function of smooth 
pursuit. In monkeys lesions of the frontal eye fields (FEF) 
result in a significant deficit of the predictive tracking of 
slow target motions (Keating, 1991) and it has been 
suggested that projections from FEF to the cerebellum 
may contribute to a neural predictor mechanism of 
pursuit eye movements [recent overviews of cortical 
control mechanisms of pursuit are given in Pierrot- 
Deseilligny (1994); Morrow & Sharpe (1995)]. Conse- 
quently, patients with impaired smooth pursuit due to 
cerebellar lesions would be expected to have abnormal- 
ities in ASEM generation. 
Our finding that some healthy subjects produce few 
fast ASEM even with highly predictable target move- 
ments uggested that infrequent fast ASEM were not per 
se an abnormal finding. It was, however, consistent with 
the assumption of a common mechanism of smooth 
pursuit and ASEM that none of the cerebellar patients had 
ASEM faster than 3 deg/sec and that the total number of 
identified ASEM in this group was very small. There was 
a general difficulty in distinguishing between ASEM and 
the slow phases of gaze-evoked nystagmus present in all 
tested patients. However, the slow-phase velocity in three 
patients of our study was limited to about 5 deg/sec, only 
in patient L.R. slow-phase velocity ranged between 4 and 
12 deg/sec. More important, slow phases of gaze-evoked 
nystagmus were characterized by a typical exponential 
decay of their velocity profiles (Leigh & Zee, 1991) 
whereas fast ASEM generally presented with increasing 
velocities during the ongoing movement (see examples 
in Figs 1 and 2). Thus, characteristics of the velocity 
profiles helped the experimenter to identify the two 
distinct centripetal eye movements. 
The patients tested here suffered from a progressive 
cerebellar degeneration that generally involved several 
substructures of the cerebellum including flocculus, 
vermis, and cerebellar hemispheres [for references, ee 
Baloh et aL (1986)]. Thus, the lesion that caused the 
impairment of ASEM generation can not be precisely 
localized within the cerebellum. One can only speculate 
that analogous "to the functional importance of the 
cerebellar flocculus and dorsal vermis in the control of 
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smooth pursuit eye movements, ASEM depend on the 
intact function of one or more cerebellar regions. 
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